Purpose Healthy People 2020 identified health-related quality of life and well-being (WB) as indicators of population health for the next decade. This study examined the measurement properties of the NIH PROMIS Ò Global Health Scale, the CDC Healthy Days items, and associations with the Satisfaction with Life Scale. Methods A total of 4,184 adults completed the Porter Novelli's HealthStyles mailed survey. Physical and mental health (9 items from PROMIS Global Scale and 3 items from CDC Healthy days measure), and 4 WB factor items were tested for measurement equivalence using multiplegroup confirmatory factor analysis. Results The CDC items accounted for similar variance as the PROMIS items on physical and mental health factors; both factors were moderately correlated with WB. Measurement invariance was supported across gender and age; the magnitude of some factor loadings differed between those with and without a chronic medical condition. Conclusions The PROMIS, CDC, and WB items all performed well. The PROMIS items captured a broad range of functioning across the entire continuum of physical and mental health, while the CDC items appear appropriate for assessing burden of disease for chronic conditions and are brief and easily interpretable. All three measures under study appear to be appropriate measures for monitoring several aspects of the Healthy People 2020 goals and objectives.
Introduction
Healthy People 2020, a national agenda to guide disease prevention and health promotion activities in the United States over the next decade, has identified several crosscutting health measures to monitor progress in improving population health [1] . Three indices that reflect healthrelated quality of life (HRQOL) and well-being (WB), specifically the Centers for Disease Control and Prevention (CDC) Healthy Days Measures [2] , the National Institutes of Health (NIH) Patient-Reported Outcome Measurement Information System Ò (PROMIS Ò ) Global Health Measure [3] , and the Satisfaction with Life Scale (SWLS) [4] comprise one of the measure sets for Health People 2020 [1] .
Each of the three measures has particular strengths related to their underlying content and measurement approach, feasibility for surveillance, applicability in different population subgroups, and relevance for clinical studies and public health program development. The Centers for Disease Control and Prevention (CDC) Healthy Days Measures [5] and the National Institutes of Health (NIH) Patient-Reported Outcome Measurement Information System Ò (PROMIS Ò ) Global Health Measure [3] are also currently being used on large national and state surveys, including the National Health Interview Survey, Behavioral Risk Factor Surveillance System, and the National Health and Nutrition Examination Survey. However, prior research has not examined the associations among the measures in a representative sample of the US population, including adults with and without chronic disease-a focus of particular salience for population health assessment and for the ongoing Healthy People 2020 initiative.
Quality of life is generally considered the state of physical, mental, and social well-being [6] . Specifically, health-related quality of life is measured by the aspects of overall quality of life that can be clearly shown to affect physical and mental health [4] . The measurement of wellbeing includes individuals' global satisfaction with life (e.g., Satisfaction with Life Scale [4] ), which serves as a foundational measure for Healthy People 2020 [1] . The purpose of this study was to evaluate the measurement properties of these three scales, including testing the extent to which each of these scales measures similar constructs, using a large, nationally representative sample of community-dwelling adults, and to assess the strengths and limitations of each measure for monitoring population HRQOL and WB.
Within the context of an aging population and the increasing burden of chronic diseases, CDC developed a set of brief questions for public health surveillance to assess the impact of impaired HRQOL by asking about the number of unhealthy days experienced in the past 30 days [2] . These Healthy Days questions were developed as an integrated set of single-item indicators of perceived physical or mental health associated with the leading causes of death and disability tracked on the Behavioral Risk Factor Surveillance System (BRFSS) [7, 8] . These questions were designed to identify population health burden of disease to guide public health program planning [8, 9] . Because HRQOL limitations are measured by an individual's number of unhealthy days, legislators and policy makers can easily interpret study results [10] . The Healthy Days questions have been evaluated [2, 5, [10] [11] [12] [13] , used in state and national surveillance systems, and established as brief indicators that can guide public health programs and planning [5, 14] . National and state trends (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) by select demographic subgroups are available online at http://www.cdc.gov/hrqol.
In 2004, the NIH funded the Patient-Reported Outcomes Measurement Information System Ò (PROMIS Ò ) initiative (www.nihpromis.org). PROMIS uses modern measurement theory to reliably and validly measure several patientreported outcomes (PRO) including general health, fatigue, pain, physical function, and negative effect. PROMIS measures offer researchers efficient and precise HRQOL assessment tools for use in clinical research and outcome evaluation in both chronically ill and healthy populations [15] . The core of PROMIS is its multiple item banks that include anywhere from 30 to over 100 questions per PRO domain. These banks have undergone qualitative appraisal by patients and experts, as well as extensive quantitative evaluation in both clinical and healthy samples of adults. The PROMIS Global Health Scale, a 10-item measure, captures physical, mental, and social aspects of HRQOL [3] . This scale was included in the 2010 National Health Interview Survey (NHIS) with plans for inclusion on the 2015 and 2020 NHIS.
Besides HRQOL, many national and international efforts are underway to measure positive aspects of health-sometimes referred to as WB-at the population level [1, 14, 16] . WB generally includes the presence of positive emotions and moods (e.g., contentment and happiness); the absence of negative emotions (e.g., depression and anxiety); and satisfaction with life, fulfillment, and positive functioning [17] [18] [19] [20] . The Satisfaction with Life Scale (SWLS) is one of the most established and extensively used WB instruments [4] that is being evaluated as a WB surveillance measure for the BRFSS [21] .
While studies have examined the reliability and validity of the CDC Healthy Days measure, the NIH PROMIS Global Health Scale, and the SWLS in isolation, less is known regarding the relationships between these measures. Furthermore, no studies have simultaneously examined the measurement properties of these instruments using large, representative, community-dwelling populations by gender, age, and among those with and without chronic conditions. In this study, we examine the measurement equivalence of the nine PROMIS Global Health Scale and three CDC Healthy Days items, and their associations with SWLS in an adult sample with a large percentage over 65 years of age; a general self-rated health item appears on both the PROMIS and the CDC Healthy Days measures. We extend previous work in three ways: (1) determining whether the previously identified factor structures for the PROMIS Global Health Scale and SWLS fit data from another sample of the US general population, (2) assessing whether the CDC Healthy Days items reflect latent constructs comparable to those that underlie the PROMIS physical and mental health subscales, and (3) determining whether the factor structures of the PROMIS subscales combined with the relevant CDC Healthy Days indicators are equivalent across age (\64 vs. C65 years), gender, and the presence/absence of comorbidities. This information will provide data to support the validity of these measures and will aid public health officials in selecting and interpreting measures to monitor population health at the national, state, and local levels. It may also provide context for comparing HRQOL and WB estimates derived from different national and state surveys. We tested three hypotheses:
1. The PROMIS Global Health items and CDC Healthy Days items load on the same latent HRQOL factors, reflecting measures of physical and mental health. 2. These physical health and mental health latent factors, as well as a latent WB factor will maintain the aspects of configural and metric invariance across age groups, gender, and the occurrence of chronic medical conditions. 3. The PROMIS and CDC physical health and mental health factors will be significantly and positively associated with the WB factor, with the WB factor being more strongly associated with the mental health factor.
Materials and methods

Sample and setting
The CDC and the National Cancer Institute (NCI) sponsored this study. This scale includes ten items that tap into physical, mental, and social aspects of health. In a previous psychometric study [3] , PROMIS investigators identified two overall factors-physical health and mental health. However, because one item (in general, please rate how well you carry out your usual social activities and roles) did not load on either factor, PROMIS does not use it to estimate their general population physical and mental health summary T-scores. To be consistent, we removed this item from the current analysis. The remaining nine PROMIS items all use a Likert-type response scale and appear in the ''Appendix.''
CDC Healthy Days items
The CDC Healthy Days measure (http://www.cdc. gov/hrqol/methods.htm) includes four core items and ten supplemental items. The four core items included on the HealthyStyles survey measured general self-rated health, physically unhealthy days, mentally unhealthy days, and activity limitation days. The general self-rated health item is the same item as the one included on the PROMIS Global Health Scale (See Appendix). The activity limitation days item was not included in the current analyses because the item was not included as a measure for HP2010 (the other three CDC items were included). The CDC items have all demonstrated content, construct, and criterion validity [2, 5, [10] [11] [12] .
Satisfaction with Life Scale
WB was measured by four items from the SWLS [4] . The SWLS has shown acceptable test-retest reliability, is sensitive to life events, and serves as a criterion measure for testing new WB scales [23] [24] [25] [26] [27] [28] . The SWLS asks participants to report how much they agreed, from strongly disagree to strongly agree (a 5-point Likert-type scale), with four statements (Appendix). The fifth item from the SWLS (If I could live my life over, I would change almost nothing) was not a part of the HealthStyles survey because it was difficult to interpret in a content validity exercise and because its omission does not significantly reduce the reliability of the 4-item scale but does reduce respondent burden on lengthy surveys [29] . The SWLS factor structure has been replicated in diverse populations and has acceptable convergent and discriminant validity [30] .
Demographic characteristics and chronic medical conditions
Survey respondents reported their age, gender, and the presence of one or more chronic health conditions. Chronic health condition status was determined by asking respondents: During the past year, have you had (or do you currently have) any of these health conditions? The queried conditions included diabetes, arthritis, cancer (other than skin cancer), chronic pain (or sciatica), atrial fibrillation, multiple sclerosis, emphysema/COPD, insomnia/sleep disorder, depression, anxiety, heart disease, congestive heart failure, epilepsy/seizure disorder, irritable bowel syndrome, bipolar disorder, eating disorder, schizophrenia, or substance abuse. Respondents reporting any of the chronic conditions in the last year were coded as having at least one chronic medical condition, but otherwise coded as not having any chronic medical conditions. Age was reported categorically and recoded into a single dichotomous variable, \65 and C65 years.
Data analysis
We used confirmatory factor analyses (CFAs) to determine whether the CDC Healthy Days and the PROMIS Global Health measures shared significant variance reflecting the domains of physical and mental health. We also used CFA to test for measurement equivalence across demographic groups, to identify latent mean differences, and to measure the associations of physical and mental health with a latent measure of WB. All analyses were conducted using Mplus 6.0 [31] with weighted least square estimation using a diagonal weight matrix and a mean and variance-adjusted chi-square test. To account for the ordinal measurement scale of the items (except the CDC indicators, which were treated as continuous and therefore estimated using linear techniques), we employed a nonlinear factor model where probabilities of respondents' choosing a particular response option were nonlinear functions of the latent factor using a probit link function. In this model, factor loadings reflect the model-implied change in the latent response variable for a unit change in the latent factor [32] . We examined fit of the models using a variety of fit indices including the confirmatory fit index (CFI; good model fit C.95) [33, 34] , the Tucker-Lewis index (TLI, good model fit C.95), and the root mean square error of approximation (RMSEA; good model fit B.05) [35, 36] . We also included chi-square fit statistics realizing that they would likely reject the null model statistically because they are sensitive to large sample sizes. Figure 1 represents the proposed latent factor model graphically.
We then examined configural and metric measurement invariance, as well as latent mean difference testing, by estimating a series of nested multi-group CFA models, comparing models that allowed different factor loadings between groups with models that constrained these loadings to be equal between groups. Configural invariance is substantiated when the pattern of factor loadings, when freely estimated between groups, is similar and the overall model fits well for both groups [37, 38] . Metric invariance is substantiated when the factor loadings between two groups are statistically equivalent, suggesting that the factors have the same meaning for both groups [37, 38] . We evaluated both the factor loadings and changes in the fit statistics to determine whether they measured similar constructs in both groups and permitted the examination of latent mean differences [36] . Configural and metric measurement invariance were tested by gender, age (\64 vs. C65 years), and chronic condition status (none vs. one or more chronic conditions).
Results
The HealthStyles sample included adults of all ages and slightly more females (52 %) than males. They were predominantly white (69 %), and more often married (55 %) than not, and 43 % reported annual incomes of $60,000 a year (Table 1) . Two-thirds of the respondents reported no physically or mentally unhealthy days in the past 30 days (Table 2 ). Most respondents reported very good or good health based on the PROMIS physical health and mental health measures, except for physical function: Two-thirds of the respondents reported being completely able to carry out their everyday physical activities. Most respondents slightly agreed or were neutral with respect to the SWLS items. Table 3 provides the factor loadings for the latent physical health, mental health, and WB factors using two different model specifications. The physical and mental health factors were estimated without (Model 1) and with (Model 2) the inclusion of the CDC physically and mentally Healthy Days indicators, respectively. Different model specifications permitted the examination of the amount of variance the CDC Healthy Days items shared with the PROMIS items.
Model 1 is a single group, three-factor latent measurement CFA model that incorporated the 4-item WB factor (SWLS), a 5-item physical health factor (PROMIS Global Health Scale physical health items), and a 4-item mental health factor (PROMIS Global Health Scale mental health items). Based on prior findings [3] , this CFA model included a correlation between the residual error variances for the items, in general, would you say your health is and in general, how would you rate your physical health, and the items in general, how would you rate your mental health, including your mood… and how often have you been bothered by emotional problems…. We also correlated the residual error variances for the WB items in most ways my life is close to my ideal and the conditions of my life are excellent because it significantly improved model fit. The overall CFA model fits well, v 2 (59) = 1,243.21, p \ .001, CFI = .98, TLI = .97, RMSEA = .07. Additionally, the physical health factor was strongly correlated with the mental health factor (r = .85) and moderately correlated with the WB factor (r = .46), and the mental health factor was strongly correlated with the WB factor (r = .70) ( Table 3 , Model 1).
This CFA model was then modified to include the CDC physically and mentally Healthy Days items to load onto the physical health and mental health factors, respectively, (Table 3, Model 2) to determine whether the CDC items To further determine the level of shared variance, the CDC indicators had with the PROMIS HRQOL items, two additional CFAs were conducted using negative binomial regression techniques to model the CDC indicators and to account for their skewed distributions (e.g., 69 % of the participants reported zero physically unhealthy days and 73 % report zero mentally unhealthy days). These models suggested that the inclusion of the CDC indicators had virtually no impact on the measurement of physical and mental health (as evidenced by little change in the PRO-MIS factor loadings), further suggesting that the CDC indicators do not alter the meaning of the physical and mental health factors.
We tested configural and metric invariance across gender (Table 4) . This finding suggests that the factor structure for the physical and mental health HRQOL domains, as measured by the PROMIS items, the CDC Healthy Days items, and the WB The headings for the PROMIS Ò item response categories have been altered from those that appeared in the survey in order to simplify the table. Please see the ''Appendix'' for the exact wording and response corresponding response categories for each item factor is invariant across men and women. Examination of the two-tailed latent mean differences between the men and the women in the constrained model revealed that women reported significantly worse physical (a = -.08, p = .04) and mental health (a = -.10, p = .04) than men but equivalent WB (a = .05, p = .25).
We also tested configural and metric invariance across age groups. Those C65 years old had factor loadings like those \65 years, except for the PROMIS pain item and the mentally Healthy Days item, which loaded more strongly for those\65; factor loadings constrained across groups, v Table 4) . While the constrained and unconstrained models differed significantly using a chisquare statistic (as was expected due to the large sample size), the approximate fit statistics differed very little between these groups (DCFI = .003, DTLI = .005, DRMSEA = .005), suggesting that the models were essentially equivalent [39, 40] . Those C65 years old reported significantly worse physical health (a = -.20, p \ .001) but significantly better mental health (a = .15, p \ .001) and WB (a = .32, p \ .001) than those \65.
Those with at least one reported chronic medical condition in the last year had factor loadings comparable to those without such conditions for most of the PROMIS HRQOL indicators and all of the WB indicators, but not for the CDC Healthy Days items and the PROMIS fatigue item (Table 4 ). Comparing models with and without the factor loadings constrained resulted in well-fitting fit indices but significantly different chi-square values and moderate differences in fit indices; factor loadings constrained across groups, v 2 (216) = 2,140.48, p \ .001, CFI = .96, TLI = .96, RMSEA = .07; factor loadings free across groups, v 
Discussion
This is the first study to simultaneously examine the factor structure of the PROMIS Ò Global Health Scale, CDC Healthy Days items, and the SWLS in a sample of community-dwelling adults. For population health surveillance, both the PROMIS Global Health Scale and the CDC Healthy Days items represent measures of physical and mental health with established psychometric properties but until now, little was known regarding how much these two measures overlapped, and the extent to which they demonstrated measurement invariance across subgroups, or were associated with a measure of well-being.
Several key findings emerged from this study. (1) This study confirmed the factor structure found in previous studies measuring physical and mental health [3, 13] (hypothesis 1). (2) The PROMIS Global Health Scale and CDC items measured similar physical and mental health constructs across gender and age but showed some differences in factor loadings depending on reports of a chronic medical condition (hypothesis 2). (3) The modified four-item SWLS measure of well-being fits well and The CDC Healthy Days items were reverse scored. upheld measurement equivalence across gender, age, and whether or not individuals reported a chronic medical condition (hypothesis 2), and was moderately correlated with the physical and mental health factors (hypothesis 3). The CDC items and PROMIS Global Health Scale measured similar constructs, and the factor loadings were invariant across gender. There were some age-based and chronic disease-based differences in the factor loadings for some of the items that were evaluated. The CDC mentally unhealthy days item had a lower loading on the mental health factor for those aged 65 and older while the physically unhealthy days item had a lower loading among those with no chronic conditions. In both cases, reduced variability in these outcomes may account for differences in the magnitude of factor loadings. Among those with no chronic medical conditions, 86 % reported no physically unhealthy days and 87 % reported no mentally unhealthy days in the last 30 days. Reliance on only the CDC physically and mentally unhealthy days items may not capture some of the variability in HRQOL among healthy populations due to floor effects similar to those observed with other health status measures such as the SF-36 [41] but the CDC items appear well suited to estimate the burden of disease among the general population and will have discriminatory power in subpopulations of older adults and those with one or more chronic conditions. In some cases, researchers may want to consider incorporating additional supplementary CDC Healthy Days items, such as those monitoring sleep and vitality that traditionally result in more variability (data from other surveys available upon request) or by using count-derived distributions, such as Poisson or negative binomial, when factor scores are estimated.
In contrast, the PROMIS items did not show the same floor effects except for physical functioning and fatigue items, which also resulted in lower factor loadings for those without a medical condition. Differences in the magnitude of the factor loadings may reflect restricted variability in fatigue and physical functioning among those without a chronic health condition or may suggest that the physical functioning and fatigue item better reflects the construct of physical health for individuals with at least one comorbidity. However, the PROMIS physical health factor aggregates across five PROMIS items that are sensitive to differences in physical health, both in general and chronically ill populations. For the PROMIS items, there was also a lower loading for the pain item on the physical health factor for those aged 65 or older. The reduced variability of both the PROMIS items and the CDC items for those over 65 years of age may also reflect a response shift, that is, changes in interpretation, priorities and values, accommodation, or the respondent's internal frame of Ref. [42] [43] [44] . Further research is needed to understand differences in factor loadings in subgroups based on age, comorbid conditions, and functional status, and whether additional issues need to be considered when evaluating HRQOL within diverse populations.
This study also fit a WB factor using 4 of the original 5 items from the SWLS [4] . This 4-item factor fits well and maintained equivalence across gender, age, and presence of a chronic medical condition. WB was moderately associated with the physical health factor and strongly associated with the mental health factor. Finally, all three factors were correlated with one another and the differences in the latent means across age, gender, and chronic health condition status were all in expected directions.
When determining the most appropriate measure of HRQOL, one should consider not only the population of interest (e.g., age and chronic disease status) but also the response burden and associated costs. Converging evidence in the current study and from other investigations indicates that the CDC Healthy Days and PROMIS Global Health instruments have established psychometric properties as measures of HRQOL [3, 5, 11, 12, 15] , although they differ in some ways. One notable difference between them is their reference period. Both CDC Healthy Days Items ask the respondents to recall their health during the previous 30 days; three of the PROMIS items (mental health, fatigue, and pain) use a 7-day reference period, and the rest refers only to one's current health without specifying a specific time period. These differences in the reference period for each of the indicators may partially account for the differences in the magnitude of the factor loadings observed in this study. Other differences between the scales are the: (1) relative brevity of the three CDC indicators versus the 9 PROMIS items, and (2) the previously mentioned differences in performance by subgroup, with the majority of the PROMIS items performing well within both healthy and ill populations, while the CDC items performed well as global measures of burden of disease. Researchers may also want to consider the interpretability of the metric for each set of items. The PROMIS items can be rescaled to correspond to a T score metric (mean of 50 and standard deviation of 10) for research purposes and for comparison with national norms [3] , while the CDC items may provide a more intuitive metric for some clinicians and policy makers, because the CDC items quantify the number of physically or mentally unhealthy days. This study has several strengths including being the first study to assess the PROMIS Global Health scale, the CDC Healthy Days items, and the SWLS items simultaneously using a large, nationally representative community-dwelling population. We tested the measurement equivalence of the three factors across gender, age, and chronic condition status to understand the appropriateness of the measures among different populations. This study also had some limitations. These included relying on a survey administered through the mail, which led to the recruitment of a relatively healthy, English-speaking sample that excluded those living in institutions. In addition, we did not investigate whether specific chronic conditions are more or less associated with the observed differences in the factor loadings and latent means. The negative impact on HRQOL of one or more comorbidities is not necessarily equal across all chronic conditions or across all HRQOL domains [45] . Future studies are needed to probe the associations between patterns of comorbidity and impairments in HRQOL.
Because the PROMIS Global Health Scale and CDC Healthy Days items measure similar factors but are administered on different national surveys, future studies should consider developing crosswalks for interpreting differences or combining data, as well as determine the extent to which they are able to detect meaningful changes overtime. This would allow researchers to compare and contrast national and state level trends in HRQOL and WB from these surveys. This approach would advance the interpretation of population-based health status indicators toward achievement of Healthy People 2020 goals and objectives. It would also allow policy makers the ability to quickly assess and compare trends in the different surveys. Lastly, since the group with one or more chronic conditions was heterogeneous relative to the number and characteristics of chronic illness, additional research is warranted to explore the extent to which distinct patterns of multimorbidity are associated with differential effects on HRQOL and WB [46, 47] . Such analyses may further inform decisions about the best measures for monitoring population health in these subgroups. 
